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PHYTOPATHOLOGY
[Vol. 68 high-humidity chamber (4) after inoculation for a short between each series. Following inoculation, all plants period of time.
were placed in a high-humidity chamber for I wk, then Disease ratings.-The ratings reported for these returned to the greenhouse for 4 wk after which disease experiments are given as incidence of infection calculated ratings were recorded. Noninoculated plants showed 24% on the basis of counts of plants showing lesions according lesions, plants inoculated by one drop of spore suspension to the method reported by Stack et al. (13) .
had 53%, and those inoculated by infested shears had 54%. The latter values were significantly greater than the RESULTS noninoculated controls at P = 0.01. There were no differences in incidence of infection among the serially cut Storage of cuttings.-In one experiment, cuttings of stubs. the cultivar, Improved White Sim, were stored unrooted Stage of plant development.--Seven experiments were in polyethylene bags in boxes at 0.5 C for 6, 8, or 10 wk. done to compare the susceptibility of carnation plants at These cuttings together with fresh, nonrooted cuttings different stages of plant development; five compared were rooted and planted in plastic pots in the greenhouse. vegetative versus budded shoots and two compared After 5 wk, stems were cut and inoculated with G. zeae. budded shoots versus shoots with open flowers. Three of Disease ratings were recorded 6 wk after inoculation, these were done in the greenhouse and four were done in a In a second experiment, cuttings of Colorado White controlled-environment chamber. In each experiment Pike's Peak were graded for uniformity by length and by plants were grown for 4 to 6 wk prior to cutting and weight, packed into polyethylene-lined boxes, and placed inoculation. After inoculation, plants were placed in a in a refrigerator at 3.5 C (stored) or rooted immediately high-humidity chamber for I wk. After 4 wk, disease (nonstored). Samples of cuttings were removed from ratings were recorded. Carnation plants increased in storage after 4 and 10 wk, rooted, and treated the same as susceptibility to G. zeae as they developed from vegetative nonstored cuttings. All plants were grown in a chamber to reproductive through flowering (Fig. 1) . Significantly under identical conditions. Four wk after planting, the higher incidences of infection were found in budded plant stems were cut and inoculated with G. zeae. Disease plants than vegetative ones and plants with open flowers ratings were recorded 4 wk after inoculation, had more infection than budded plants. This relationship Commercially-supplied rooted cuttings of Improved was consistent in experiments carried out in different White Sim were placed in storage at 3.5 C. One month environments although specific infection level varied later these cuttings were removed and together with considerably from experiment to experiment. nonstored rooted cuttings, were planted and placed in the Effect of length of stub left at pinching.--Observations greenhouse. Plant stems were cut and inoculated with G. on the effect of stub length after pinching were taken from zeae 5 wk after planting; 5 wk later, disease ratings were eight separate experiments using cultivars that differed in made. This experiment was repeated once. susceptibility (12). The entire group of stubs exhibited a In a fifth experiment, rooted cuttings of Improved normal distribution for length with mean = 20.3 mm and White Sim were stored at 0.5 C for 2 mo and then planted SD = 4.5 mm based on a total of 2,626 separate stub along with rooted cuttings that had not been stored. After measurements. Four of these experiments were done in 6 wk in the greenhouse, all plants were cut and inoculated the greenhouse, the other four in the chamber. Rooted with G. zeae. Eight wk after inoculation disease ratings cuttings were inoculated 4-6 wk after planting. Infection were recorded.
ratings were recorded after 4-5 wk. The incidence of infection in young plants from stored rtng s wer r eafter 4-wkn rooted cuttings inoculated with G. zeae was significantly Length of stubs was measured at the time that infection getrthan that in plants from unstored rooted cuttings was determined and placed into one of four arbitrarily greater than two explants from vs. rooted 37tins selected size classes (0-10, 11-20, 21-30, 31 + mm long) so (P = 0.05) in two experiments (38% vs. 22% and 37% vs. that for each length class there was a count both of the 20%) and showed the same trend in the third (20% vs. total number of stubs and of the number of those stubs 12%). When cuttings were stored before rooting, there which showed lesions. was no effect of storage on subsequent infection by G. zeae.
A significant negative correlation (r = -. 93, P =0.05) Carriage of inoculum on cutting tool.-Plants of occurred between stub size and infection both for cultivars Improved White Sim and Scania were planted incidence of all infections and for incidence of severe and grown in the greenhouse for 14 wk with supplemental lesions (Table I) . However, there was only a 5% difference lighting (6.3 klx warm-white fluorescent) that provided a from high to low infection incidences in the counts of all 16-hr photoperiod. Plants were branched and had an infections. The distribution of severe infections showed a average of three lateral flowering shoots when all these highly significant concentration in the small-stub class (P stems were cut with a pruning shears in the third or fourth < 0.01). internode above the origin of the branch. In
In a separate experiment, rooted cuttings of Improved noninoculated controls, the shears were dipped in 95% White Sim were planted and grown in a chamber for 3 wk. ethanol and flamed between cuts. In inoculated controls, At that time half of the plants were randomly selected and shears were also dipped and flamed between cuts, and a stems were cut leaving long stubs (mean = 34.7 ± 8.2 mm droplet of a spore suspension of G. zeae was placed on SD); the remaining plants were cut close to the node each cut stub. To test the transmission of inoculum on leaving short stubs (14.5 ± 3.3 mm SD). All plants were shears, 12 stems were cut in succession with shears that inoculated after cutting. Four wk later disease ratings had been dipped into a spore suspension (100 were recorded. Infection was 25% in the long (35 mm) conidia/ plifer) of G. zeae. This process was repeated five stubs and 46% in the shorter (15 mm) stubs. This times, the shears being dipped in ethanol and flamed difference was significant (P = 0.05).
Stub age.-Plants of Colorado White Pike's Peak were DISCUSSION planted in a greenhouse bench and grown at 11 C at night and 15.5 C during the day and the crop brought into From a horticultural standpoint (3), there is usually no flower. Near the end of the cropping period, 116 plants discernible deterioration or reduction in quality of the were selected (about 30% of all plants) which met the following criteria: at least three cut flower stubs between 4 and 6 wk old but showing no dieback, and at least one remaining flower or bud yet to be cut. The plants were located at random throughout the bench (0.92 X 10.4 m). On each plant, two stubs of the same age were selected LI and one was recut at 0.5 cm below the original cut surface to expose fresh tissue. All of the paired stubs were inoculated with G. zeae. All other stubs on the plants were
• . left as noninoculated controls. Four wk after inoculation, disease incidence was recorded. Isolations were made on potato-dextrose agar from noninoculated, and recut inoculated stubs.
0.
There were significantly more infections (P = 0.01) in the recut stubs (98/116) than in those not cut but * inoculated with G. zeae (52/116). There were also C significantly (P = 0.05) more lesions in the old stubs ,g inoculated with G. zeae than in the old, noninoculated stubs (52/116 vs. 73/235, respectively). Only G. zeae was isolated from inoculated stubs. Gibberella zeae was not isolated from the noninoculated stubs.
In another experiment, rooted cuttings of Improved White Sim were planted in the greenhouse. After 5 wk, the stems were cut off and the stubs inoculated with G. zeae at 0, 1,, 2, or 4 wk after cutting. In addition some 4-wk-old stubs were recut before inoculation. All plants were 1 2 3 4 5 6 7 placed in a high-humidity chamber for I wk following Experiment Number inoculation, then returned to the greenhouse for 4 wk exp erim ent Numb er atrwhich disease ratings were recorded. Fig. I . Effect of stage of plant development on susceptibility of after w er e ratings wer recons carnations to infection of Gibberella zeae.. Percentage of plants There were significantly fewer infections in stubs where that showed lesions when inoculated with G. zeae at different inoculation was delayed 2 or 4 wk after cutting (Fig. 2) . stages of development. Each experiment (1 to 7) was conducted When 4-wk-old stubs were recut to expose fresh tissue, separately. Statistically significant differences within there was a significant increase in incidence of infection experiments are indicated by asterisks (*, P 0.05; **, P = 0.01) over similar stubs inoculated but no recut (Fig. 2) .
above the bars. x = 20.5 (P = .005)a r = .93 (P = .05) aChi-square calculation expected =(overall infection rate) X (number of stubs in class). [Vol. 68 plants which develop from stored rooted cuttings, but distance from the node affects levels of hormones, susceptibility to G. zeae of plants produced from stored photosynthates, or minerals. The conclusion for the rooted cuttings is increased. Any tendency for changes to grower is obvious; stubs should be left as long as possible, occur during storage was probably emphasized by our use with a minimum length of 2 cm above a node to minimize of 3.5 C instead of the recommended 0 C; however, the the chance of infection. same increase in susceptibility was seen after 2 mo of The observation that older stubs are less susceptible storage at 0.5 C. Storage of nonrooted cuttings did not than freshly cut ones is not surprising. If a stub is affect the susceptibility of resultant plants. Storage of examined a few weeks after it has been cut, a dark green rooted cuttings should be kept to a minimum and band can be seen across the stub just below the dried-out eliminated if possible, particularly for growers in the area. The region of cellular proliferation on its outer eastern USA where stub dieback and stem rot are a surface has a layer of distorted cells which take no continuing threat.
aqueous stain in fresh section. This wound response may Flowering carnations are more susceptible to G. zeae limit infection in older stubs. The infection rates will be than vegetative plants and our results are consistent with fairly high with such "healed" stubs but lower than with observed increases in susceptibility to G. zeae of flowering fresh stubs. corn and wheat (8, 10) .
The parallels between the effect of host-related factors Although crop considerations determine the timing of on Fusarium dieback of carnation and Gibberella stalk shoot cut (pinch), a grower faced with the likelihood of rot of corn, also caused by G. zeae, are too frequent for severe Fusarium stub dieback or stem rot might wish to coincidence. In corn increased susceptibility was related plan his crop so that young plants are pinched as early in to sugar levels in the stalk (8). Whether the phenomenon their development as possible. Young plants should be in carnation is strictly physiological or a combination of pinched by breaking off shoots, just as in taking cuttings, morphological and physiological factors is not because an infested tool may disseminate inoculum. Since understood. We suggest that Fusarium stem rot of there was no reduction in infection after 12 successive carnation may provide a good system for investigating the cuts, it is likely that such an infested tool could serve to physiology of pathogenicity of G. zeae, with some inoculate a large number of stems. A single nodal region implications for the development of Gibberella stalk rot. in a carnation stem lesion may release 40,000 to 80,000 macroconidia after wetting for 1 min (11). A tool can easily pick up enough spores from one cut through such a LITERATURE CITED stem for many inoculations. 
